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ABSTRACT
We present results of our analysis of NuSTAR data of the luminous infrared galaxy Mrk 266, which contains two nuclei, SW and
NE, resolved in previous Chandra imaging. Combining with the Chandra data, we intepret the hard X-ray spectrum obtained from
a NuSTAR observation as resulting from steeply rising flux from a Compton-thick AGN in the SW nucleus which is very faint in the
Chandra band, confirming the previous claim of Mazzarella et al. (2012). This hard X-ray component is dominated by reflection, and
its intrinsic 2-10 keV luminosity is likely to be ∼ 1 × 1043 erg s−1. Although it is bright in soft X-ray, only moderately absorbed NE
nucleus has a 2-10 keV luminosity of 4× 1041 erg s−1, placing it in the low-luminosity AGN class. These results have implications for
understanding the detectability and duty cycles of emission from dual AGN in heavily obscured mergers.
Key words. X-rays: galaxies - Galaxies: active - Galaxies:individual (Mrk 266)
1. Introduction
Mrk 266 (= NGC5256) is a major merger of two galaxies
with nearly equal masses with a nuclear separation of 10 arc-
sec, corresponding to a projected physical distance of 6 kpc
at z = 0.0279. It is a luminous infrared galaxy (LIRG) with
L8−1000µm = 3.6 × 1011L, and is a member of the Great Ob-
servatories All-sky LIRG Survey (GOALS, Armus et al. 2009).
While a significant portion of the large IR luminosity originates
in intense star formation, both galaxies host active galactic nu-
clei (AGN). Dual AGN in galaxy mergers are relatively rare in
infrared-selected samples like GOALS (four out of 54 multiple
systems, Iwasawa et al. 2011; Torres-Albà et al. 2018; Iwasawa
et al. 2018), likely due to heavy obscuration making them diffi-
cult to detect rather than their absence. Mrk 266 provides a good
opportunity for a detailed study of dual AGN in a luminous IR
system. The two AGN, as described in this paper, are, however,
found to have rather different characteristics despite their sim-
ilar host galaxy masses, and heavy obscuration indeed plays a
significant role.
Following on the extensive multiwavelength analysis of
Mrk 266 presented by Mazzarella et al. (2012, hearafter MIV12),
here we give a brief summary of known properties focusing
on the two active nuclei residing in the south-western (SW)
and north-eastern (NE) galaxies. The galaxies have compara-
ble masses around (5-6)×1010M, from which the black hole
mass of each nucleus is estimated to be ∼ 2 × 108M, based
on their bulge luminosities (Marconi & Hunt 2003). The indi-
vidual galaxies have LIR of 2.3 × 1011L (SW) and 0.7 × 1011L
(NE). This seems to be compatible with the Herschel imaging at
70 µm and 100 µm, which marginally resolves them (Chu et al.
2017). While there is a confusion arising from reversed classifi-
cantions given in literature, the most likely optical classifications
of the SW and NE nuclei are Seyfert 2 and LINER, respectively,
as supported by works either dedicated to Mrk 266 or on small
samples including Mrk 266 (Osterbrock & Dahari 1983; Kol-
latschny & Fricke 1984; Hutchings et al. 1988; Mazzarella &
Boroson 1993; Osterbrock & Martel 1993; Wang et al. 1997;
Wu et al. 1998; Ishigaki et al. 2000). The mid-IR spectroscopy
with the Spitzer IRS, as summarised by MIV12 (references are
therein), show that the spectra of both nuclei are dominated by
polycyclic aromatic hydrocarbon (PAH) emission, indicating an
intense starburst. However, presence of AGN is also suggested
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Fig. 1: HST ACS/WFC image of Mrk 266 obtained with the
F814W filter, overlaid by Chandra 4-7 keV image contours. The
five contour levels are linearly spaced between 0.15 to 3.8 counts
pixel−1. North is up, east to the left. The SW and NE nuclei are
labelled. The scale bar of 10 arcsec is shown.
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Fig. 2: Upper panel: Flux density spectrum of integrated emis-
sion of Mrk 266, containing both NE and SW nuclei. Data from
XMM-Newton (blue) and NuSTAR (red squares) are plotted.
The flux density is in units of 10−14 erg s−1 cm−2 keV−1. For dis-
playing purpose, the NuSTAR data used for the spectral analysis
are rebinned further. Fe K emission line feature at 6.5 keV is
marked. Bottom panel: Spectra of the NE and SW nuclei ob-
tained from the Chandra ACIS. Since Fe K line emission is ab-
sent in the NE spectrum (the line energy is denoted by the ver-
tical dotted line), the Fe K line seen in the XMM-Newton and
NuSTAR spectra seems to originate predominantly from SW.
by high-ionization lines such as [Ne v]λ14.3, 24.3µm, and [O
iv]λ25.9µm for SW, and warm dust continuum for NE (see also
Imanishi et al. 2009). A Chandra observation, which resolves the
two nuclei, shows that a hard-spectrum source is clearly seen at
NE (Fig. 1), supporting the presence of a moderately obscured
AGN with NH = (7 ± 2) × 1022 cm−2 (Brassington et al. 2007;
MIV12; Torres-Albà et al. 2018). On the other hand, SW is ∼13
times fainter than NE and barely detected in the Chandra hard-
band (4-7 keV) image (Fig. 1). SW is also fainter than NE in
optical/UV but becomes progressively brighter at longer wave-
lengths ≥ 3µm, leading to SW to be ∼3 times more luminous
than NE in the whole IR band. The molecular gas mass in SW
is estimated to be M(H2) = 3.4 × 109M, which is ∼5 times
larger than that of NE (Imanishi et al. 2009, these are measure-
ments obtained from interferometric observations but are con-
sistent with a single-dish measurement by Sanders et al. 1986).
These characteristics suggest that obscuration might be respon-
sible for the relative faintness of the SW nucleus in X-rays. The
XMM-Newton spectrum of Mrk 266, which does not resolve the
individual galaxies, shows a strong Fe K line (MIV12). No Fe
K line is present in the Chandra spectrum of NE, but in the
spectrum of SW (the Fe K line is, in fact, the major source of
4-7 keV counts detected with Chandra). This led MIV12 to sus-
pect that SW contains a Compton-thick AGN, in which the direct
X-ray continuum is totally suppressed in the Chandra bandpass
and only the Fe K line in its reflected light is observed. It is
reminiscent of the double nucleus in another merger system in
GOALS, Mrk 273, in which a Compton-thick nucleus is inferred
for the nothern nucleus which is molecular-rich, and the major
IR source of the merger system (e.g. U et al. 2013; Iwasawa et al.
2011, 2018; Liu et al. 2019). In this paper, we examine this hy-
pothesis for Mrk 266 using new NuSTAR data which cover the
3-50 keV band, expecting a sharp rise of X-ray flux of SW above
10 keV which would exceed the flux from NE in the NuSTAR
band.
The cosmology adopted here is H0 = 70 km s−1 Mpc−1,
ΩΛ = 0.72, ΩM = 0.28.
2. Observations
Mrk 266 was observed with NuSTAR, XMM-Newton and Chan-
dra X-ray Observatory and the observation log is shown in Ta-
ble 1. The NuSTAR data were taken as part of The NuSTAR
Obscured Seyferts Survey (PI: J. Miller) and we retrieved the
data from the public archive. We used the event file processed
by the standard pipeline. Spectral data extracted from a circular
aperture with a radius of 30′′ of the two Focal Plance Modules,
FPMA and FPMB, were combined for the analysis presented
below. The spectral data of the two modules agree to each other
within statistical error, and the low-energy effective area problem
reported for FPMA (Madsen et al. 2020) seems to have little im-
pact. Since the NE and SW nuclei are unresolved with the NuS-
TAR beam, the spectrum contains emission from both nuclei, as
in the XMM-Newton spectrum. The spectral data obtained from
XMM-Newton and Chandra are the same as those presented in
MIV12.
3. Results
The NuSTAR spectrum agrees with the XMM-Newton EPIC
spectrum in the overlapping 3-10 keV band, both in contin-
uum and Fe K line (Fig. 2). The 3-50 keV NuSTAR spec-
trum can be well described by a power-law of energy index
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Table 1: X-ray observations of Mrk 266.
Observatory Date ObsID Exposure Counts Band
Chandra 2001-11-02 2044 20 124 3-8 keV
XMM-Newton 2002-05-15 0055990501 13/18 562 3-10 keV
NuSTAR 2019-02-08 60465005002 64 441 3-50 keV
Notes. The ’Exposure’ column shows useful exposure time in each observation in units of 103 seconds. The ’Counts’ column gives background-
corrected source counts in the energy band shown in the following column. The two exposure times shown for the XMM-Newton observation are
of the EPIC pn and the two EPIC MOS cameras. The source counts for XMM-Newton and NuSTAR are sums of the three EPIC cameras and two
FPMs, respectively.
α = 0.0 ± 0.11 plus a narrow Gaussian line at 6.5 ± 0.1 keV
for Fe K (χ2 = 46.0 for 51 degrees of freedom). The Fe line in-
tensity is (2.9 ± 1.0) × 10−6 ph cm−2 s−1, corresponding to EW
= 0.80 ± 0.27 keV.
A hard spectrum with a slope as observed at lower ener-
gies would be interpreted as evidence of moderate absorption
of NH≤ 1023 cm−2, as an intrinsic AGN spectrum is known to
have a well defined range of slope around α = 0.8 with a stan-
dard deviation of 0.15 (e.g. Ueda et al. 2014; Nandra & Pounds
1994). The measured spectral slope, α ≈ 0.0, stretching up to 50
keV, is however unusual, because a spectral slope would start to
approach the intrinsic value towards higher energies as the ef-
fect of such moderate absorption diminishes. Therefore it is un-
likely that a single source, that is the NE nucleus, dominates the
NuSTAR bandpass as it does in the 4-7 keV Chandra image. In-
stead, the NuSTAR spectrum strongly suggests, besides the NE
source, a presence of an extra component rising above the Chan-
dra bandpass to elevate the hard band continuum emission. This
is the same line of argument used to convey the presence of a
Compton-thick AGN in the northern nucleus of Mrk 273 using
NuSTAR data (Iwasawa et al. 2018). As argued in MIV12, SW
is a likely source of this extra hard component which can be at-
tributed to a Compton-thick AGN.
According to the above hypothesis, we model the NuSTAR
spectrum with two components from NE and SW. To avoid over-
fitting, we tested the two-component model leaving a minimum
set of parameters free. Many model parameters were set to be
reasonable or known values. A first assumption is that both X-ray
sources in NE and SW have the identical, standard AGN slope of
α = 0.9. This is the intrinsic slope of the power-law source, not
the apparent slope of α = 0.8 mentioned above, which is affected
by a contribution of reflection from a surrounding medium, e.g.
Nandra & Pounds (1994).
The NE spectrum is mildly absorbed. The absorbing column
density is found to be NH = (6.8 ± 3.8) × 1022 cm−2, by fitting
the Chandra NE spectrum and we adopted the best-fit NH. This
leaves the normalization of the power-law as the only free pa-
rameter for the NE component.
The SW component is of our primary interest. However, as
shown below, various configurations of a Compton-thick torus
can describe the NuSTAR spectrum of the present quality, as
long as NH ≥ 2 × 1024 cm−2 is met. Therefore we tested two
modelling options for a Compton-thick AGN: SW-A: a strongly
absorbed spectrum; and SW-R: a reflection-dominated spectrum.
In both cases, we use etorus (Ikeda et al. 2009; Awaki et al.
2009), one of the Monte-Carlo codes to compute X-ray spec-
tra emerging from an X-ray source surrounded by an absorber
with a torus geometry, including Compton-scattered light. The
1 We use energy-index α for a power-law spectral slope, as it is appro-
priate for flux density spectra shown in this article. It is related to the
conventional photon index Γ by Γ = 1 + α.
θop θiSW-A
SW-R
R1
R2
D
R2
D
Observer
Fig. 3: Cross-section view of X-ray absorbing torus config-
urations assumed for the absroption-dominated (SW-A) and
reflection-dominated (SW-R) models. The torus parameters of
etorus given in Table 2 are illustrated. The inclination angle
and half-opening angle are denoted as θi and θop. D, R1 and
R2 represent direct light from the central X-ray source penetrat-
ing through the absorbing column in the line of sight, reflected
light coming off from the part of the inner surface of the torus,
hidden from the direct view (“Reflection 1” as defined in Ikeda
et al. (2009)), and reflected light coming from the visible in-
ner surface (“Reflection 2”), respectively. In SW-A, an observed
spectrum is dominated by D and weaker R1, which has practi-
cally the same spectral shape as D. In SW-R, R2, which has a
Compton-scattered low-energy tail, is the dominant component,
since D (and a minor R1 ocontribution) is strongly suppressed
by the large optical depth in the line of sight.
etorus offers flexible parameterisations of torus geometry sim-
ilar to those in another recent code borus02 (Balokovic´ et al.
2018), and Balokovic´ et al. (2018) reported that the two codes
produce well-matched reflection spectra, apart from fluorescent
emission-lines, which are not included in the current version of
etorus. We model the most prominent Fe K line by a narrow
Gaussian. The torus parameters were chosen so that a resulting
model gives a representative spectral shape for each option. They
are illustrated in Fig. 3. See Figures 3 and 4 of Ikeda et al. (2009)
for visualization of the simulated spectral components. Since
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Fig. 4: The NuSTAR spectrum of Mrk 266 and the best-fitting two-component model (grey line): Left: SW-A; Right: SW-R. The
contributions of the NE (dotted line) and SW (dash-dotted line) nuclei are overplotted. As same as in Fig. 2, the NuSTAR data used
for the analysis are rebinned further for displaying purpose. Relative contributions of NE and SW change dramatically across the
energy range.
Table 2: Two-component fits to the NuSTAR spectrum.
NE
NH 6.8 × 1022
SW
SW-A SW-R
NH 1.7+1.2−0.6 × 1024 7 × 1024
θop 30◦ 70◦
θi 72◦ 72◦
Fe K line
E 6.49 ± 0.09 6.49 ± 0.09
I 2.6 ± 1.0 2.5 ± 1.0
χ2/dof 46.8/50 45.9/51
Notes. The 3-50 keV NuSTAR spectrum was fitted by NE and SW
composite models with two modelling options for the SW component,
1) SW-A: absorption-dominated; and 2) SW-R: reflection-dominated
spectrum. The spectral slope for both components are assumed to be
α = 0.9. The SW spectrum is computed by the torus spectrum model
etorus (Ikeda et al. 2009). The torus configuration is determined by an
opening angle, θop, and inclination, θi. Apart from the absorbing column
for SW-A, free parameters are normalizations of the respective NE and
SW continuum and the centroid energy and intensity of a Gaussian for
Fe K line. The values of NH, line energy (E) and intensity (I) are in units
of cm−2, keV, and 10−6 ph cm−2 s−1, respectively.
Table 3: Decomposed fluxes of the NE and SW nuclei.
Band NE SW
SW-A
3-10 keV 2.4 0.15
10-30 keV 3.1 4.2
SW-R
3-10 keV 2.1 0.45
10-30 keV 2.7 4.9
Notes. Fluxes for NE and SW components in 3-10 keV and 10-30 keV
bands, obtained from the spectral decompositions of the NuSTAR data
for the two spectral modelling options for SW, SW-A and SW-R (see text
and Table 2. The fluxes are in units of 10−13 erg s−1 cm−2. The 3-10 keV
flux for SW is for the continuum only and does not include the Fe K
line flux which is 0.24 × 10−13 erg s−1 cm−2.
the line-of-sight is obscured, the absorbing torus is expected to
be highly inclined and we assume its inclination angle to be
θi = 72◦ (approximately a middle value of the 45◦-90◦ range).
In SW-A, a relatively narrow torus-opening angle θop = 30◦ is
assumed so that the inner surface of the torus is hardly visible
and thus the observed spectrum is dominated by an absorbed
component of the central source. The absorbing column and the
power-law normalization are fitted. The absorbing column den-
sity is found to be NH = 1.7+1.2−0.6 × 1024 cm−2. In SW-R, a wide
opening angle θop = 70◦ and a large NH = 7 × 1024 cm−2 are as-
sumed, which results in a spectrum being reflection dominated,
since the highly Compton-thick opacity assures that the direct
light from the central source is strongly suppressed and has a
negligible contribution to the observed spectrum whilst the wide
θop makes the torus inner wall well visible (but the central source
still hidden from direct view by a small margin of ∆θ = 2◦). The
only free parameter is the power-law normalization.
These spectral modellings give good matches to the NuSTAR
data with comparable quality, as shown in Fig. 4 and Table 2. The
Fe K line EW is found to be ' 0.6 ± 0.23 keV with respect to
the total continuum. Note that depending on the SW modelling
options, decomposed fluxes of NE and SW vary (Table 3).
The NuSTAR data cannot distinguish between SW-A and
SW-R. The primary reason is that, although the spectral models
for SW expected from SW-A and SW-R differ at some degree at
energies below the Fe K band (see Fig. 4), this difference is com-
pensated by varying normalization of the NE model. Here we in-
vestigate if the Chandra data of SW can tell the difference, albeit
with low source counts. The Chandra data for SW have 6 counts
in 3-7 keV (no counts at higher energies), and apart from the 4
counts for the Fe K line, 2 counts are detected in the 4-5 keV
band. The SW-A model has a sharp decline below 6 keV and its
expected count rate in 4-5 keV is 5 × 10−6 ct s−1 while the SW-R
model has a Compton-scattered tail towards lower energies giv-
ing an expected count rate of 5×10−5 ct s−1. The observed count
rate 1.0 × 10−4 ct s−1lies closer to the latter. Among 1000 sim-
ulations of Chandra data based on the absorption model, there
is null incidence of 2 or more counts in 4-5 keV, which, in con-
trast, occur 19% of simulations under the reflection model. This
seems to favour the refelction model unless the 4-5 keV counts
come from any other external sources, for example, X-ray binary
emission from a starburst which cannot be ruled out.
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Fig. 5: Intrinsic 2-10 keV luminosity of the SW nucleus esti-
mated for the reflection-dominated model SW-R, as a function of
assumed inclination angle (θi) of the obscuring torus. The intrin-
sic luminosity, L′43, is in units of 10
43 erg s−1. For θi = 42◦-72◦,
θi = θop + 2◦ is assumed. For the point for θi = 82◦, θop = 70◦
is used as it is the upper bound of the etorus model. The thick
horizontal line indicates the best-estimate of L′X = 1.3 × 1043
erg s−1, obtained by combining the X-ray and mid-IR feature
based estimates (see Sect. 4.1) and the 95% CI is indicated by
two dotted-lines. The L′X value derived from the nominal SW-A
model (see Table 2) is 0.2 × 1043 erg s−1, i.e. the bottom of the
panel, but could go up within the shaded area depending on an
assumed geometry (see text) in the absorption model.
Estimating an intrinsic 2-10 keV luminosity, L′X, of an ab-
sorbed X-ray source is straightforward when its absorption opac-
ity is significantly smaller than a Thomson depth, or NH  1024
cm−2, for example, in the case of the NE X-ray source. L′X(NE)
is (3.8-4.4)×1041 erg s−1, depending on the choice of spectral
model for SW. In the Compton-thick regime, the absorption cor-
rection has dependency on an assumed torus geometry (Matt
et al. 1999). This applies to the absorption-dominated model
(SW-A) for SW. In our assumed torus geometry which has a large
covering fraction (Table 2), L′X(SW) = 2.0 × 1042 erg s−1. How-
ever, a similar absorption-dominated spectrum can be obtained
with a smaller covering torus with, say, θop = 70◦ if the torus
is precisely edge-on (θi ' 90◦). In this configuration, since less
light is Compton-scattered into the line of sight from a small-
covering torus than from that of large-covering, the (absorbed)
illuminating source has to be more luminous, resulting in a fac-
tor of ∼ 2 larger L′X(SW) of 3.9 × 1042 erg s−1. This is a special
configuration and it sets the upper bound of L′X for SW-A.
Uncertainty in the intrinsic luminosity estimate is even larger
when observed light is reflection-dominated as no direct light
from the obscured source is visible. In the SW-R model, θop =
70◦ and θi = 72◦ are assumed, but as long as θi = θop + 2◦ is
maintained, θop = 40◦-70◦ gives a similar quality of fit. However,
since the visible surface of the torus inner wall becomes small as
the torus inclination θi increases (while the spectral shape of re-
flected light remains similar), the illuminating source needs to
be more luminous to produce the same reflection luminosity and
vice versa, as shown in Fig. 5. For θi = 72◦, the instrinsic lumi-
nosity is estimated to be L′X = 1.1 × 1043 erg s−1, but could be
smaller if θi is smaller. At a given θi, decreasing θop also makes
the visible reflection surface smaller and thus pushes up the il-
luminating luminosity. However, too small θop would loose the
quality of fit for the NuSTAR data due to a mismatch in the Fe K
Table 4: AGN luminosities of NE and SW.
log L′X log LAGN log λEdd log (LAGN/LIR)
NE 41.60 42.80 −3.68 −1.63
SW 43.13 44.43 −2.04 −0.51
Notes. The best-estimate of intrinsic 2-10 keV luminosity L′X and X-ray
based AGN bolometric luminosity LAGN in units of erg s−1, Eddington
ratio λEdd, and the AGN luminosity and IR luminosity ratio for NE and
SW nuclei. See text and Fig. 5 for the details of the estimates of L′X,
their uncertainties, and the bolometric corrections.
absorption edge depth (a small θop results in a relative increase
of reflection light coming through the torus over directly visible
reflection leading to a deeper Fe K edge, which overestimates
the observed edge depth). For θi = 72◦, we obtain a constraint of
θop > 55◦ (the 90% lower limit). By decreasing θop, the data start
to favour the absorption-dominated spectrum with smaller NH
towards that obtained in SW-A. Thus, although there is a small
forbidden area in the parameter space, various combinations of
the torus parameters are possible to describe the NuSTAR spec-
trum. Accordingly, the 2-10 keV intrinsic luminosity of the ob-
scured nucleus in SW, L′X(SW), could range from 2×1042 erg s−1
to 4 × 1043 erg s−1.
4. Discussion
Our analysis of the NuSTAR spectrum suggests that the SW nu-
cleus contains a Compton-thick nucleus, which is intrinsically
more luminous than the NE nucleus, as speculated by MIV12.
Before examining their AGN properties in turn, some basic
parameters of the two nuclei are summarised. The black hole
masses for the two nuclei, estimated from their host spheroid
luminosities, are similarly MBH = 2 × 108M, for which the Ed-
dington luminosity is LEdd ∼ 3× 1046 erg s−1. The infrared lumi-
nosity estimated for NE and SW nuclei are LIR(NE) = 2.7×1044
erg s−1, and LIR(SW) = 8.7 × 1044 erg s−1. The AGN bolometric
luminosity estimated from X-ray LAGN = κL′X where κ is the X-
ray bolometric correction, Eddington ratio λEdd, and LAGN/LIR
ratio for each nucleus, as discussed below, are given in Table 4.
4.1. SW nucleus
As shown in Sect. 3, SW is likely a Compton-thick AGN with
NH≥ 2 × 1024 cm−2, but the intrinsic X-ray luminosity L′X of
the heavily obscured source remains uncertain between 2 × 1042
erg s−1 and 4 × 1043 erg s−1. AGN-related mid-IR diagnostics
seem to have a close relation to AGN bolometric power (e.g.
Gruppioni et al. 2016). Since some of them have been reported
to have a good correlation directly with intrinsic X-ray emission,
we examine their predictions of L′X below.
On account of being dust re-radiation from an obscuring
torus, the mid-infrared continuum emission of AGN has been
found to correlate tightly with the intrinsic 2-10 keV luminosity
(Lutz et al. 2004; Horst et al. 2008; Gandhi et al. 2009; Mateos
et al. 2015). However, one difficulty is to isolate an AGN com-
ponent from other continuum sources at the same wavelength. In
Mrk 266, the available mid-IR photometric data were obtained
from apertures with > a few arcsec of the Spitzer-IRAC or IRAS,
and we face the difficulty mentioned above. First, we directly
adopt the available photometric data, which gives an upper limit
on L′X. From the SED given in Fig. 9 of MIV12, luminosities of
SW at 6 µm and 12 µm are estimated to be L6 = 4.2×1043 erg s−1
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and L12 = 1.0 × 1044 erg s−1, respectively. Using the correlation
for 6 µm by Mateos et al. (2015), L′X ' 2 × 1043 fAGN erg s−1is
obtained, where fAGN denotes the AGN fraction at the mid-IR
wavelength. Similarly, the correlation for 12 µm of Gandhi et al.
(2009) gives L′X ' 5 × 1043 fAGN erg s−1. We note that Mateos
et al. (2015) and Gandhi et al. (2009) use distinct samples of
AGN and their scaling-relations are calibrated independently.
The AGN fraction, fAGN, in SW is estimated by various mid-
IR diagnostics (MIV12; Díaz-Santos et al. 2017) which, how-
ever, spread widely, likely due to aperture effects. Here, we ten-
tatively adopt the median of the six diagnostics, fAGN = 0.35,
which yields L′X estimates of 0.7 × 1043 erg s−1 and 1.7 × 1043
erg s−1, based on L6 and L12, respectively.
Another X-ray luminosity estimator is the [O iv] λ25.9µm
emission line, which also shows a tight correlation with LX
(Meléndez et al. 2008; Rigby et al. 2009; Diamond-Stanic et al.
2009; Liu et al. 2014). As [O iv] is a high-excitation line which
is likely to arise from AGN irradiation, it should be largely free
from external contamination (Pereira-Santaella et al. 2010), un-
like the continuum emission, and thus directly scales with the
AGN luminosity. Being a mid-IR line, it is also relatively ro-
bust against dust extinction. Therefore it is deemed to give a re-
liable estimate of the AGN intrinsic luminosity. The [O iv] flux
measured with the IRS aperture containing only SW is available
(MIV12; Bernard-Salas et al. 2009), which gives [O iv] lumi-
nosity of 8 × 1041 erg s−1. The [Oiv]-L′X correlation of Liu et al.
(2014) for Seyfert 2 galaxies gives L′X ' 1.9 × 1043 erg s−1.
The above three predictions of L′X from the mid-IR fea-
tures all lie around ∼ 1 × 1043 erg s−1, and within the range in-
ferred by the modelling of the NuSTAR data. This supports the
reflection-dominated spectrum of SW-R for modelling the data
(see Fig. 5). Combining these estimates, we look into the most
likely value of L′X(SW) and its uncertainty and then assess how
probable the reflection-dominated hypothesis might be. Let us
label the X-ray and the mid-IR estimates as Ei (i = 0, 1, 2, 3),
where E0 is NuSTAR spectral modelling, E1 is 6µm based, E2:
12µm based, and E3 is [O iv] based. E0 can be described as
logL′X being equally likely between 42.3 and 43.6 [erg s
−1], or
E0∼ Uni f (42.3, 43.6). The mid-IR features based estimates have
uncertainties due to scatter around each correlation: 0.4 dex for
E1 and 0.23 dex for E2 are given by Mateos et al. (2015) and
Gandhi et al. (2009), respectively, and we estimate 0.5 dex for
E3. We assume each estimate of log L′X(≡ µi) follows a Gaus-
sian distribution Ei ∼ N(µi, σi) (i = 1, 2, 3): E1∼ N(42.85, 0.5),
E2∼ N(43.17, 0.38), E3∼ N(43.19, 0.5), where we include a fac-
tor of 2 uncertainty of fAGN toσ1 andσ2 in addition to the scatter
of the correlations. The posterior probability
∏
Ei gives the most
likely estimate of log L′X = 43.13 (the 95% compatible interval
(CI): 42.7-43.6). This is illustrated in Fig. 5. The L′X range that
can be obtained in SW-A lies below the 95% CI, indicating SW-R
to be preferred, and a reflection-dominated spectrum is a more
probable description of the NuSTAR data for SW.
Assuming a bolometric correction of 20 (Marconi et al.
2004), the LAGN (SW) is found to be 2.6 × 1044 erg s−1, based
on the best-estimate of L′X. The Eddington ratio is then 0.9%,
which is typical of Seyferts. LAGN/LIR ' 0.3 can be translated to
the AGN fraction in the galaxy’s bolometric output if LAGN is all
absorbed by circumnuclear dust and reradiated in IR.
4.2. NE nucleus
The X-ray luminosity of the NE nucleus is relatively low, about
4×1041 erg s−1. Although the hard Chandra spectrum indicates a
significant AGN contribution in the Chandra band (Torres-Albà
et al. 2018), as intense star formation is also taking place in NE,
we first examine how much the star-forming activity might con-
tribute to the observed hard X-ray emission. Starburst emission
at energies above 3 keV mainly comes from high-mass X-ray
binaries. Their collective X-ray luminosity can be estimated us-
ing the empirical relation with star formation rate (Grimm et al.
2003; Ranalli et al. 2003; Lehmer et al. 2010). The star formation
rate of the whole Mrk 266 system is 65 M yr−1 (Howell et al.
2010). By scaling with LIR, we estimate the star formation rate
of NE is 15 M yr−1. Using the formula of Lehmer et al. (2010)
(given the star formation rate, LX is dominated by high-mass
X-ray binaries and a contribution of low-mass X-ray binaries is
minor), the expected 2-10 keV luminosity from X-ray binaries is
found to be 2.4×1040 erg s−1, or ∼ 5 % of the observed 2-10 keV
luminosity. The radial surface brightness profile of NE in the 4-7
keV Chandra image (Fig. 1) shows a small extension (≤ 10%
of the total emission) which might be attributed to the star for-
mation, but most of the emission comes from a low-luminosity
AGN. The 3-7 keV flux observed by Chandra is ∼ 25% higher
than that of XMM-Newton and NuSTAR. Although the increase
is marginal, X-ray variability would support the dominance of
AGN emission.
The Eddington ratio of NE is rather low (λEdd ∼ 2 × 10−4).
Among nearby AGN, the λEdd range around this value is pop-
ulated by LINERs and low-luminosity Seyferts (Ho 2008).
Although the radio to mid-IR flux-density ratio, q24obs =
log(S 1.4GHz/S 24µm) = 1.1, is consistent with those of star form-
ing galaxies (Sargent et al. 2010), the radio source is compact
(unresolved at HPBW = 0.′′3×0.′′4, Mazzarella et al. 1988) and
is likely associated with the AGN, which may have an inefficient
accretion flow, suggested by the low λEdd, producing the radio
emission. The observed radio flux of NE is comparable with that
of SW with similar spectral slopes: −0.9 for NE and −0.8 for
SW in the 1.4-15 GHz range (Mazzarella et al. 1988), while the
intrinsic LX is ∼ 1.6 dex lower than SW (Table 4). This seems to
be compatible to the characteritic radio excess of low-luminosity
AGN (LLAGN) with an inefficient accretion flow (Ho 2008).
When the bolometric correction κ = 16, suggested for
LLAGN by Ho (2008) is used, LAGN = 6 × 1042 erg s−1 is ob-
tained. The LAGN/LIR is therefore ∼ 2 %. The AGN contribution
to the IR luminosity could even be lower if NE has a SED typical
of LLAGN which lacks a UV excess, a main source of heating
of IR emitting circumnuclear dusts. This is in stark contrast to
∼ 60% obtained from the mid-IR diagnostics (MIV12). How-
ever, the Spitzer IRS spectrum of the NE nucleus alone was taken
only from the SL module and lacks the longer wavelength cov-
erage where the key AGN diagnostic lines [Ne v]λ14.3, 24.3µm
and [O iv]λ25.9µm are present. This leaves the PAH strengths as
the only mid-IR AGN diagnostics that may be biased. Given the
low accretion rate inferred from the X-ray observations, strong
outflows are expected from the AGN in NE, which fit observed
optical and radio signatures pointed out by MIV12. The AGN en-
ergy output of NE may be dominated by the mechanical power
of those outflowing winds.
4.3. Dual AGN in Mrk 266
Mrk 266 exhibits properties that have close relevance to the
merger-driven formation of dual AGN and their detectability.
Two important characteristics of this merger system are 1) a
close nuclear separation of 6 kpc in projection; and 2) the mass
ratio of the host spheroids close to unity and thus presumably
so the black hole mass ratio. These two are required conditions
Article number, page 6 of 7
K. Iwasawa et al.: Dual AGN in Mrk 266
for forming dual AGN deduced from cosmological simulations
(Steinborn et al. 2016; Volonteri et al. 2016, see also e.g. Hop-
kins et al. 2006; Solanes et al. 2019). As substantial amount
of cold molecular gas (∼a few 109 M) is available between
the galaxies (Imanishi et al. 2009), this reservoir provides in-
dividual galaxies with gas for further accretion, helping the sys-
tem to evolve into an ULIRG, as argued by MIV12. However,
it is interesting to note that the two AGN appear to have dis-
tinct characteristics: SW is ' 30 times more luminous than NE
and they are possibly accreting in different modes as discussed
above, suggesting that the accretion conditions might be actu-
ally unbalanced between the galaxies. In terms of detectability of
dual AGN, heavy obscuration certainly plays a role. Ricci et al.
(2017) found an elevated proportion of Compton-thick AGN in
advanced mergers with nuclear separations of less than 10 kpc.
Mrk 266 fits in the merger stage and the SW nucleus is in-
deed a Compton-thick AGN which has not been verified until
the NuSTAR observation. The spatial resolution of Chandra and
the hard X-ray sensitivity of NuSTAR complement each other
to identify a Compton-thick AGN in advanced merger systems
like Mrk 266 and Mrk 273. A multiwavelength approach, as em-
ployed by GOALS, is obviously effective to overcome the ob-
scuration issue (e.g. Hickox & Alexander 2018) which would be
naturally expected in luminous merger systems. We refer to an
extensive review of both observational and theoretical aspects of
dual AGN by De Rosa et al. (2019) where related X-ray obser-
vational works on samples selected by various techniques (e.g.
Koss et al. 2010, 2012; Comerford et al. 2015; Satyapal et al.
2017) are further discussed.
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